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a b s t r a c t 

Background: Patients with coronavirus disease 2019 (COVID-19) and underlying cardiovascular comor- 

bidities have poor prognoses. Our aim was to identify the impact of serum lactate dehydrogenase (LDH), 

which is associated with mortality in acute respiratory distress syndrome, on the prognoses of patients 

with COVID-19 and underlying cardiovascular comorbidities. 

Methods: Among 1518 patients hospitalized with COVID-19 enrolled in the CLAVIS-COVID (Clinical Out- 

comes of COVID-19 Infection in Hospitalized Patients with Cardiovascular Diseases and/or Risk Factors 

study), 515 patients with cardiovascular comorbidities were analyzed. Patients were divided into tertiles 

based on LDH levels at admission [tertile 1 (T1), < 235 U/L; tertile 2 (T2), 235–355 U/L; and tertile 3 (T3); 

≥356 U/L]. We investigated the impact of LDH levels on the in-hospital mortality. 

Results: The mean age was 70.4 ± 30.0 years, and 65.3% were male. There were significantly more in- 

hospital deaths in T3 than in T1 and T2 [ n = 50 (29.2%) vs. n = 15 (8.7%), and n = 24 (14.0%), respectively; 

p < 0.001]. Multivariable analysis adjusted for age, comorbidities, vital signs, and laboratory data includ- 

ing D-dimer and high-sensitivity troponin showed T3 was associated with an increased risk of in-hospital 

mortality (adjusted hazard ratio, 3.04; 95% confidence interval, 1.50–6.13; p = 0.002). 

Conclusions: High serum LDH levels at the time of admission are associated with an increased risk of 

in-hospital death in patients with COVID-19 and known cardiovascular disease and may aid in triage of 

these patients. 
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ntroduction 

Severe acute respiratory distress syndrome (ARDS) caused by 

he coronavirus disease 2019 (COVID-19) has led to serious mor- 

idity in hundreds of millions of individuals worldwide. Recent re- 

orts have identified that patients with COVID-19 and underlying 

ardiovascular morbidities face increased mortality compared with 

hose without cardiovascular disease [ 1 , 2 ]. 

Lactate dehydrogenase (LDH) could be a useful marker of sys- 

emic inflammation, as it is a cytoplasmic enzyme that is widely 

xpressed in tissues. It has been reported that serum LDH concen- 

rations increase during the acute lung damage that occurs in in- 

erstitial lung disease and severe respiratory failure [3] . LDH level 

s also one of the biomarkers most strongly associated with ARDS 

ortality [ 4 , 5 ]. Of the various biomarkers that have been investi-

ated for the prediction of the prognoses of patients with COVID- 

9, elevated LDH level is reported to be associated with increased 

ortality [6–10] . However, no previous study has focused on the 

ignificance of high LDH levels in patients with COVID-19 and un- 

erlying cardiovascular disease. 

Thus, our aim of this study was to investigate the impact of LDH 

evels measured at the time of hospital admission on the prog- 

oses of patients with COVID-19 and pre-existing cardiovascular 

omorbidities. 

ethods 

atient characteristics 

This study was a post-hoc analysis of the CLAVIS-COVID (Clinical 

utcomes of COVID-19 Infection in Hospitalized Patients with Car- 

iovascular Diseases and/or Risk Factors) study. The design and pri- 

ary results of the study have been reported elsewhere [11] with a 

nique description of the data of patients with COVID-19 and pre- 

xisting or developing cardiovascular diseases or coronary risk fac- 

ors. Briefly, the CLAVIS-COVID study was a multicenter retrospec- 

ive observational study that included 1518 patients with COVID- 

9 who were hospitalized in participating institutions in Japan 

etween January 1, 2020, and May 31, 2020. Patients under 20 

ears of age were excluded from the CLAVIS-COVID. For the present 

tudy, 938 patients without any pre-existing cardiovascular dis- 

ases and 65 patients without data on baseline serum LDH level 

t the time of hospital admission were excluded. Thus, a total of 

15 patients with pre-existing cardiovascular disease on admission 

or COVID-19 were included. The patients were divided into three 

ertiles based on their serum LDH levels at the time of admission 

s follows: tertile 1 (T1, LDH < 235 U/L), tertile 2 (T2, LDH, 235–

55 U/L), and tertile 3 (T3, LDH ≥ 356 U/L). 

The study protocol, including the use of an opt-out consent 

ethod, was approved by the local ethics committees of all par- 

icipating institutions. This clinical study was registered with the 

niversity Hospital Medical Information Network (UMIN) Clinical 

rial Registry (ID: UMIN0 0 0 040598) before the first patient was 

nrolled, in accordance with the International Committee of Medi- 

al Journal Editors. 

iagnosis of COVID-19 and data collection 

Patients were diagnosed with COVID-19 when a polymerase 

hain reaction detected severe acute respiratory syndrome coron- 

virus 2 (SARS-CoV-2) in their test samples [12] . The decision to 

ospitalize a patient was made by a physician based on the pa- 

ient’s clinical condition, age, and comorbidities. Upon hospital ad- 

ission, baseline data on medical history, medication, vital signs, 

ymptoms, and laboratory tests were obtained. 
502 
For the purpose of this study, cardiovascular disease was de- 

ned as a history or new diagnosis of at least one of the fol- 

owing diseases/conditions within 30 days of COVID-19 infection: 

ypertension, coronary artery disease, old myocardial infarction, 

erebrovascular disease, peripheral vascular disease, heart fail- 

re, moderate or severe valvular heart disease, pulmonary hy- 

ertension, congenital heart disease, cardiomyopathy, myocardi- 

is/pericarditis, arrhythmia, venous thromboembolism, aortic dis- 

ase, cardiac transplant, cardiac arrest, and implantation of a left 

entricular assist device or cardiac implantable electronic device. 

reatment 

Patients with oxygen saturation under 92% were adminis- 

ered supplemental oxygen [13] . Mechanical ventilation was ini- 

iated when patients developed respiratory failure that could not 

e treated with oxygen therapy. Some patients underwent non- 

nvasive ventilation with a high-flow nasal cannula or noninvasive 

ositive pressure ventilation at the physician’s discretion. Decisions 

egarding the initiation, duration, and dose of antibiotic therapy, 

ntiviral therapy, anticoagulation with heparin, and steroid therapy 

ere made by the physicians in each institution. 

linical follow-up 

The patients were followed up until the initial hospital dis- 

harge; their symptoms, in-hospital clinical events, type and date 

f in-hospital treatment, and laboratory data before discharge were 

ecorded. The median follow-up duration was 18 days after admis- 

ion. The primary outcome measure of this analysis was in-hospital 

ortality. The tertiles of serum LDH levels measured on admission 

ere analyzed and compared. 

tatistical analysis 

Categorical variables were expressed as numbers and percent- 

ges and were compared using the chi-square test or Fisher’s exact 

est as appropriate. Continuous variables were expressed as either 

eans and standard deviations or as medians and interquartile 

anges and were compared using unpaired t-tests. Survival anal- 

sis was performed using Kaplan-Meier analysis, and differences 

mong the three groups were assessed using a log-rank test. The 

ox proportional hazards model was used to estimate the risk of 

ariables to determine the predictors of the primary outcome. The 

ollowing variables were selected a priori : age, sex, cardiovascu- 

ar comorbidities (heart failure, coronary artery disease, old my- 

cardial infarction, valvular heart disease, arrhythmia, cerebral in- 

arction, hypertension, venous thromboembolism, aortic disease), 

on-cardiovascular comorbidities [dyslipidemia, diabetes mellitus, 

hronic obstructive pulmonary disease (COPD), and end-stage re- 

al disease with hemodialysis], patient’s medication at the time of 

dmission (angiotensin-converting enzyme inhibitor or angiotensin 

I receptor blocker, beta-blocker, calcium channel blocker, min- 

ralocorticoid receptor antagonist, statin, aspirin, warfarin, direct 

ral anticoagulant), vital signs measured at the time of admission 

tachypnea, respiratory rate ≥ 22/min; hypoxia, SpO2 < 92% or 

he need for oxygen therapy; tachycardia, heart rate > 100 beats 

er minute; hypotension, systolic blood pressure < 100 mmHg; 

nd altered consciousness, Glasgow Coma Scale score < 15), risk 

f sepsis [quick sequential organ failure assessment (qSOFA) score 

2], and baseline laboratory data [white blood cell count, lympho- 

yte count, hemoglobin, LDH, creatinine kinase (CK), albumin, low- 

ensity lipoprotein (LDL) cholesterol, hemoglobin A1c (HbA1c), C- 

eactive protein (CRP), D-dimer, and high-sensitivity troponin lev- 

ls]. Despite multiple possible confounders, the limited number of 
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Fig. 1. Histogram of the distribution of serum lactate dehydrogenase (LDH) levels. The distribution of serum LDH level at the time of the hospital admission is shown. The 

median LDH level measured at the time of admission was 281 [interquartile range (IQR) 220, 402] U/L. 
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vents led us to conduct two statistical models for the multivari- 

ble analyses, while variables were selected when they were re- 

orted to be associated with prognosis of COVID-19 patients or 

eemed clinically important and useful by the consensus of the au- 

hors. The multivariable analysis in Model 1 was conducted with 

djustments for age, previous comorbidities, vital signs, and sim- 

lified laboratory data [estimated glomerular filtration rate (eGFR), 

hite blood cell (WBC) count, lymphocyte count, D-dimer and 

DH]. The multivariable analysis in Model 2 was conducted with 

djustments for age, quick SOFA score, and general items in lab- 

ratory tests (eGFR, WBC count, lymphocyte count, D-dimer, LDH, 

emoglobin, albumin, and CK). To test for effect modification, the 

nteraction terms of age and sex and the primary outcome mea- 

ure were evaluated with Cox regression models where they were 

ncluded together. In all analyses, a p -value < 0.05 was consid- 

red significant. All statistical analyses were performed using SPSS 

tatistics (version 25.0; IBM Corp., Armonk, NY, USA). 

esults 

atient characteristics 

Fig. 1 shows a histogram of the distribution of serum LDH lev- 

ls measured at the time of admission; the median LDH level was 

81 [interquartile range (IQR) 220, 402] U/L. Comparisons of pa- 

ient background characteristics, data recorded on admission, and 

herapy administered during hospitalization for patients in each 

ertile of serum LDH levels are shown in Table 1 . The mean age

f the patients was 70.4 ± 30.0 years, and 336 patients (65.3%) 

ere male. Age was not significantly different among the three ter- 

iles. The prevalence of each cardiovascular comorbidity was sim- 

lar among all tertiles. Regarding the vital signs measured on ad- 

ission, more patients in T3 were tachypneic (T1, 22.2%; T2, 38.1%; 

3, 52.2%; p < 0.001). More than 90% of patients in all tertiles 

ere hypoxic (T1, 97.7%; T2, 99.4%; T3, 94.7%; p = 0.027). Patients 
503 
n T3 were most likely to have altered consciousness (T1, 14.5%; 

2, 15.7%; T3, 27.6%; p = 0.004). Regarding the risk of sepsis on 

dmission, more patients in T3 had qSOFA ≥ 2 than in T2 and 

1 (T1, 2.3%; T2, 9.3%; T3, 14.6%; p < 0.001). Regarding laboratory 

ata recorded on admission, patients in T3 had significantly higher 

BC counts, lower percentages of lymphocytes, higher CK levels, 

nd higher D-dimer levels than the patients in T2 and T1. The 

evels of high-sensitivity troponin were similar among the three 

ertiles. Regarding the treatments, patients in T3 were most fre- 

uently administered antibiotic therapy (T1 vs. T2 vs. T3, 37.2% vs. 

4.0% vs. 70.2%; p < 0.001), antiviral therapy (41.3% vs. 50.0% vs. 

7.8%, p < 0.001), anticoagulation with heparin (9.3% vs. 15.1% vs 

5.7%, p < 0.001), and steroids in any form (32.2% vs. 36.0% vs. 

7.4%, p = 0.011). More patients in T3 underwent intubation dur- 

ng hospitalization than in T1 and T2 (10.5% vs. 13.4% and 42.1%, 

espectively; p < 0.001). 

utcomes 

The median length of hospital stay was 18 (IQR 11, 28) days af- 

er admission to the hospital. The primary and secondary outcome 

easures recorded in each tertile of serum LDH level are shown 

n Fig. 2 . There were significantly more in-hospital deaths in T3 

han in the other tertiles (T1 vs. T2 vs. T3, 8.7% vs. 14.0% vs. 29.2%;

 < 0.001). Fig. 3 shows the Kaplan-Meier curves of in-hospital 

ortality in each tertile of LDH levels. The in-hospital mortality 30 

ays after initial hospitalization in T1, T2, and T3 was estimated as 

.6%, 16.5%, and 27.8%, respectively ( p < 0.001). 

In the univariable analysis outlined in Online Supplemental Ta- 

le 1 , older age ( ≥ 75 years), history of coronary artery disease, 

alvular heart disease, COPD, tachypnea, hypotension, altered con- 

ciousness, qSOFA score ≥ 2, use of aspirin on admission, high 

BC counts, low lymphocyte percentages, low hemoglobin levels, 

ow albumin levels, renal dysfunction, high creatinine kinase lev- 

ls, and high D-dimer levels were significantly associated with an 

ncreased risk of the primary outcome. T3 was also associated with 
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Fig. 2. In-hospital events in each tertile (T) of serum lactate dehydrogenase (LDH) levels. In-hospital events in each T of LDH are shown. There were significantly more 

in-hospital deaths in T3 than in the other tertiles (T1 vs. T2 vs. T3, 8.7% vs. 14.0% vs. 29.2%; p < 0.001). Patients in T3 underwent intubation (T1 vs. T2 vs. T3, 10.5% vs. 13.4% 

vs. 42.1%; p < 0.001), and veno-venous extracorporeal membrane oxygenation (ECMO) (T1 vs. T2 vs. T3, 1.2% vs. 0.6% vs. 7.6%; p < 0.001) more frequently. 

Fig. 3. Kaplan-Meier curves of in-hospital mortality in each tertile (T) of serum lactate dehydrogenase (LDH) levels. The in-hospital mortality 30 days after initial 

hospitalization in T1, T2, and T3 was 8.6%, 16.5%, and 27.8%, respectively ( p < 0.001). 

504 
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Table 1 

Patient background characteristics, data collected on admission, and therapy during hospitalization for each tertile of serum lactate dehydrogenase levels. 

LDH tertile 

T1 

( N = 172) 

T2 

( N = 172) 

T3 

( N = 171) p -value 

Age, years 71.2 ± 16.6 70.9 ± 15.0 69.2 ± 13.3 0.40 

Male 102 (59%) 113 (66%) 121 (71%) 0.08 

BMI ≥ 25 kg/m 

2 50 (35%) 50 (36%) 66 (48%) 0.06 

Cardiovascular comorbidity 

Heart failure 23 (13%) 17 (10%) 17 (10%) 0.50 

Coronary artery disease 27 (16%) 19 (11%) 20 (12%) 0.48 

Old myocardial infarction 9 (5%) 7 (4%) 11 (6%) 0.62 

Valvular heart disease 7 (4%) 5 (3%) 6 (4%) 0.84 

Cerebral infarction 14 (8%) 13 (8%) 18 (11%) 0.59 

Hypertension 146 (85%) 159 (92%) 150 (88%) 0.09 

Venous thromboembolism 0 (0%) 4 (2%) 4 (2%) 0.13 

Aortic disease 4 (2%) 6 (4%) 6 (4%) 0.77 

Other comorbidities 

Dyslipidemia 66 (38%) 53 (31%) 62 (36%) 0.32 

Diabetes mellitus 51 (30%) 51 (30%) 69 (40%) 0.052 

COPD 8 (5%) 8 (5%) 11 (6%) 0.69 

Hemodialysis 5 (3%) 3 (2%) 6 (4%) 0.59 

Liver cirrhosis 1 (1%) 0 (0%) 0 (0%) 0.37 

Vital signs at admission 

Max temperature ( °C) 37.9 ± 0.9 37.9 ± 0.8 38.2 ± 0.9 < 0.001 

Asymptomatic 21 (12%) 14 (8%) 2 (1%) < 0.001 

Respiratory rate ≥22 /min 28 (22%) 53 (38%) 70 (52%) < 0.001 

SpO2 ≤ 92% or oxygen 168 (98%) 171 (99%) 162 (95%) 0.03 

Heart rate ≥ 100 23 (13%) 36 (21%) 54 (32%) < 0.001 

Systolic BP ≤ 100 mmHg 3 (2%) 11 (6%) 11 (6%) 0.07 

Glasgow Coma Scale < 15 24 (15%) 26 (16%) 43 (28%) 0.004 

Quick SOFA ≥2 4 (2%) 16 (10%) 25 (15%) < 0.001 

Medication at admission 

ACE inhibitor 10 (6%) 10 (6%) 9 (5%) 0.97 

ARB 68 (40%) 76 (44%) 71 (42%) 0.68 

Beta blocker 43 (25%) 21 (12%) 31 (18%) 0.009 

CCB 76 (44%) 83 (48%) 77 (45%) 0.73 

MRA 10 (6%) 7 (4%) 7 (4%) 0.68 

Statin 61 (36%) 46 (27%) 50 (29%) 0.20 

Aspirin 26 (15%) 15 (9%) 19 (11%) 0.18 

Warfarin 4 (2%) 4 (2%) 5 (3%) 0.92 

DOAC 16 (9%) 10 (6%) 10 (6%) 0.35 

Laboratory data 

WBC (/ μL) 5400 [4100–7100] 5300 [4290–7150] 6300 [4900–8625] < 0.001 

Lymphocytes (%) 21.6 [14.8–29.0] 16.0 [11.0–25.1] 12.3 [8.5–17.9] < 0.001 

Hemoglobin (g/dL) 13.1 [11.4–14.5] 13.6 [11.7–14.9] 13.6 [12.0–14.8] 0.011 

Albumin (mg/dL) 3.5 [3.1–4.1] 3.3 [2.9–3.7] 3.1 [2.7–3.4] < 0.001 

LDH (U/L) 209 [184–227] 284 [261–320] 451 [389–557] –

CK (U/L) 65 [43–98] 86 [54–132] 111 [57–249] 0.003 

Creatinine (mg/dL) 0.77 [0.61–0.93] 0.84 [0.68–1.06] 0.90 [0.68–1.12] 0.27 

eGFR (mL/min/1.73m2) 91.3 [72.9–110.7] 85.3 [66.5–106.4] 81.7 [59.0–101.0] 0.012 

Total bilirubin (mg/dL) 0.5 [0.4–0.7] 0.6 [0.4–0.8] 0.6 [0.5–0.8] 0.06 

LDL cholesterol (mg/dL) 88 [73–115] 92 [75–122] 82 [61–104] 0.07 

HbA1c (%) 6.2 [5.7–6.6] 6.3 [5.9–7.0] 6.5 [6.0–7.3] 0.012 

CRP (mg/dL) 2.2 [0.4–5.7] 5.2 [2.1–10.0) 10.5 [6.1–16.2] < 0.001 

D-dimer (mg/dL) 1.1 [0.65–2.38] 1.3 [0.7–2.5] 2.0 [1.2–4.8] 0.006 

High-sensitivity troponin (ng/mL) 0.03 [0.01–0.04] 0.01 [0.01–0.04] 0.02 [0.01–0.04] 0.04 

Medication during hospitalization 

Antibiotics 64 (37%) 76 (44%) 120 (71%) < 0.001 

Antiviral therapy 71 (41%) 86 (50%) 116 (68%) < 0.001 

Heparin 16 (9%) 26 (15%) 61 (36%) < 0.001 

Steroid in any form 55 (32%) 62 (36%) 81 (48%) 0.011 

BMI, body mass index; COPD, chronic obstructive pulmonary dissease; °C, degrees Celsius; BP, blood pressure; SOFA, sequential organ failure assessment; ACE, 

angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; MRA, mineralocorticoid receptor antagonist; DOAC, direct 

oral anticoagulant; WBC, white blood cell; LDH, lactate dehydrogenase; CK, creatinine kinase; eGFR, estimated glomerular filtration rate; LDL, low-density 

lipoprotein; HbA1c, hemoglobin A1c; CRP, C-reactive protein. 
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n increased risk of the primary outcome [hazard ratio (HR) 3.18; 

5% confidence interval (CI) 1.78–5.66; p < 0.001]. 

Multivariable analysis was conducted to determine whether 

he serum LDH level measured at the time of admission was re- 

ated to in-hospital death. The multivariable analysis in Model 1 

as adjusted for age, history of coronary artery disease, valvular 

eart disease, COPD, vital signs, renal function, and laboratory data 

 Table 2 ). The results also showed that T3 was associated with 

n increased risk of the primary outcome (adjusted HR 3.04, 95% 
505 
I 1.50–6.13, p = 0.002). In addition, age ≥ 75 years, history of 

OPD, and chronic kidney disease (stage 4 or 5) were indepen- 

ently associated with an increased risk of the primary outcome. 

nother multivariable analysis was conducted in Model 2 with ad- 

ustments for age, qSOFA scores, renal function assessed on admis- 

ion, WBC counts, lymphocyte counts, D-dimer, hemoglobin, albu- 

in, CK, and LDH levels on admission ( Table 2 ). The results of that

nalysis showed that T3 was associated with an increased risk of 

n-hospital death (adjusted HR 2.60; 95% CI 1.24–5.42, p = 0.011). 
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Table 2 

Multivariable Cox regression analysis of the risk factors associated with 

in-hospital death. 

Adjusted hazard ratio (95% CI) p -value 

Model 1 ∗

LDH levels < 235 U/L Reference –

LDH levels 235–355 U/L 1.02 (0.45–2.36) 0.96 

LDH levels > 355 U/L 3.04 (1.50–6.13) 0.002 

Model 2 ∗∗

LDH levels < 235 U/L Reference –

LDH levels 235–355 U/L 0.94 (0.41–2.15) 0.88 

LDH levels > 355 U/L 2.60 (1.24–5.42) 0.01 

COPD, chronic obstructive pulmonary disease; LDH, lactate dehydrogenase; 

SOFA, sequential organ failure assessment. 
∗ Model 1 was adjusted by age, history of coronary artery disease, 

valvular heart disease, COPD, vital signs (respiratory rate, SpO2, heart rate, 

systolic blood pressure, Glasgow Coma Scale, and quick SOFA score), es- 

timated glomerular filtration rate (eGFR), white blood cell (WBC) count, 

lymphocyte count, D-dimer, and LDH. 
∗∗ Model 2 was adjusted by age, quick SOFA score, eGFR, WBC count, 

lymphocyte count, D-dimer, LDH, hemoglobin, albumin, and creatinine ki- 

nase levels. 
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n addition, decreased renal function (adjusted HR 2.352, 95% CI 

.161–4.766, p = 0.018) and increased age (adjusted HR 4.738, 95% 

I 2.523–8.900, p < 0.001) were each associated with an increased 

isk of in-hospital death. The results remained significant with no 

ffect modification by age and sex ( p -interaction > 0.05 for both). 

iscussion 

In the present study, we investigated the impact of serum LDH 

evel measured at the time of hospital admission on the prognoses 

f high-risk COVID-19 patients with pre-existing cardiovascular co- 

orbidities. Our results showed that elevated serum LDH level on 

ospital admission was associated with an increased risk of in- 

ospital death in patients with COVID-19 and underlying cardio- 

ascular comorbidities. LDH has been reported to predict severe 

espiratory failure and mortality in patients with COVID-19; how- 

ver, no study has been conducted to clarify its significance in pa- 

ients with COVID-19 and cardiovascular comorbidities. 

Patients with COVID-19 and underlying cardiovascular disease 

ave poor prognoses [ 2 , 14 ]. Pre-existing cardiovascular disease 

eems to be associated with worse outcomes and increased risk of 

eath in patients with COVID-19. The overall case fatality rate of 

OVID-19 reported by the Chinese Center for Disease Control and 

revention as of February 11, 2020, was 2.3% (1023 deaths among 

4,672 confirmed cases) [1] . The individual case fatality rate for 

atients with cardiovascular disease was 10.5% [1] . In a report of 

591 patients with COVID-19 who were admitted to an intensive 

are unit in Italy, 49% of the patients had pre-existing hyperten- 

ion, 21% had cardiovascular disease, and 17% had diabetes [15] . 

OVID-19 not only causes viral pneumonia but also triggers car- 

iovascular disorders, such as myocardial injury, arrhythmias, acute 

oronary syndrome, and thromboembolism [16–21] . The mecha- 

ism by which SARS-CoV-2 affects the heart is not clear. Some re- 

earchers have suggested that the myocardial injury is secondary 

o systemic causes, whereas others demonstrated direct viral in- 

ection of the heart and subsequent viral myocarditis [22–25] . Al- 

hough physicians fear that patients with COVID-19 who have con- 

omitant cardiovascular diseases would have poor prognoses, no 

riteria that focus on the risk stratification of these patients upon 

ospital admission have yet been identified. In this study, sig- 

ificantly more patients in the lowest tertile of LDH presented 

ith hypoxia than the patients with higher LDH. As patients with 

igh LDH followed worse prognosis, initial lower percentage of hy- 

oxia was not met with the reasonable explanation. However, since 

LAVIS-COVID comprises patients hospitalized for COVID-19, the 
506 
remise of the study is inclusion of patients with more severe con- 

ition than the general population of COVID-19. The percentage of 

ypoxic patients in the whole study calculates as high as 97.3%, 

emonstrating inclusion of patients with severe disease. 

As LDH is a cytoplasmic enzyme that is widely expressed in tis- 

ues, it could be a useful marker of systemic inflammation. The 

nzyme converts pyruvate, which is the final product of glycolysis, 

o lactate when oxygen is in short supply. LDH is present in five 

eparate isozymes (LDH-1 in cardiomyocytes, LDH-2 in the reticu- 

oendothelial system, LDH-3 in pneumocytes, LDH-4 in the kidneys 

nd pancreas, and LDH-5 in the liver and striated muscles) [ 26 , 27 ].

s it is present in most body cells, LDH is a general indicator of 

cute or chronic tissue damage and is considered an inflamma- 

ory marker [28] . Historically, LDH was first used for the diagnosis 

f myocardial infarction, as it reflects necrosis of cardiomyocytes. 

DH serum concentrations have been reported to increase during 

he acute lung damage that occurs in interstitial lung disease and 

evere respiratory failure [3] . It is also one of the biomarkers most 

trongly associated with ARDS mortality [ 4 , 5 ]. In a study of 67 pa-

ients with severe ARDS during the epidemic in 2003, multivariate 

nalyses showed that elevated LDH levels (odds ratio 8.4, 95% CI 

.9–36.9) at the time of admission was an independent predictor 

f ARDS [29] . 

LDH has been reported to predict mortality in severe and crit- 

cally ill patients with COVID-19 [6] . In a pooled analysis of nine 

ublished studies that included 1532 patients with COVID-19, el- 

vated LDH levels were associated with a 6-fold increase in the 

dds of developing severe disease and a 16-fold increase in the 

dds of mortality [30] . In a multicenter nested case-control study, 

dvanced age and high LDH level were independent risk factors 

or deterioration in patients with mild COVID-19 [7] . LDH is also 

ndependently associated with one-month mortality in older inpa- 

ients with COVID-19 [8] and is a predictor of respiratory failure in 

ospitalized patients with COVID-19 [9] . A previous study has also 

hown that elevated LDH level on admission is an independent risk 

actor for severe COVID-19 [10] . 

In the present study, a very high LDH level (LDH > 355 U/L) at 

he time of hospital admission was associated with an increased 

isk of in-hospital death in patients with COVID-19 and cardio- 

ascular comorbidities. LDH could reflect damage to pneumocytes 

ue to severe respiratory failure and damage to the myocardium 

nd other organs. Measurement of a specific LDH isozyme in fu- 

ure studies would help reveal which tissue is more extensively af- 

ected by COVID-19. In the present study, neither high-sensitivity 

roponin nor D-dimer levels were significantly associated with an 

ncreased risk of the primary outcome in the multivariable anal- 

sis. On the other hand, as serum LDH level was an independent 

isk factor for in-hospital death in patients with coexisting cardio- 

ascular diseases, it seemed to be a reliable marker. In addition, 

ince measurement of LDH is generally included in the initial lab- 

ratory tests performed on hospital admission and the data can 

asily be obtained from outpatient clinics and emergency depart- 

ents, serum LDH level could widely aid physicians in predicting 

he clinical course of the patients with COVID-19 at the time of 

dmission. The results of the present study have shown the sig- 

ificance of serum LDH level in the assessment of patients with 

OVID-19 and cardiovascular comorbidities. 

tudy limitations 

First, owing to the retrospective nature of the study, deci- 

ions regarding the hospitalization of patients and subsequent 

nitiation of treatment were made by the physicians in the par- 

icipating medical centers. Because this study was conducted in 

he early period of the pandemic, medication usage of steroids, an- 

iviral drugs, and immuno-suppressants might differ from the cur- 
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ent practice. At the time of the study in early 2020, genetic vari- 

nts of SARS-CoV-2 had not been as widely observed as in year 

021, which might therefore lead to different results if conducted 

n the circumstances where most of the infections are caused by 

enetic variants. Second, only hospitalized patients with COVID- 

9 were included in the CLAVIS-COVID study. Since only 252 pa- 

ients had data on brain natriuretic protein (BNP) or N-terminal 

NT)-proBNP measured at initial hospitalization, it was not fea- 

ible to determine whether BNP or NT-proBNP was a risk factor 

or the primary outcome. In this observational study, data were 

ollected on the patients’ vital signs at admission and flow rate 

f oxygen administered. However, neither the fraction of inspired 

xygen (FiO2) nor type of oxygen delivery device were collected, 

o it was not possible to calculate PaO2/FiO2, which is commonly 

sed to determine severity of COVID-19. Third, since the primary 

utcome was in-hospital death, patients were not followed up af- 

er discharge; therefore, the long-term prognoses of the patients 

ere not known. Finally, specific LDH isozymes were not evalu- 

ted; thus, it is not possible to draw conclusions on which organ 

as the primary source of tissue damage. 

onclusions 

In summary, high serum LDH level measured at the time of ad- 

ission is associated with an increase in the risk of in-hospital 

eath in patients with COVID-19 and underlying cardiovascular dis- 

ase. Since measurement of serum LDH is generally included in the 

nitial laboratory tests, the results could aid physicians in predict- 

ng the clinical course of patients with COVID-19 and cardiovascu- 

ar comorbidities. 
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